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CF.— O— [— CFCCFa)— CF.— O— ]„CF(CF3)C 

\ 

F 

25 where n is thr number of repeating epoxide prepared by polymerization of these epoxides 

unics formed from N molecules of ihc ep- in the presence of an acid fluoride, as illus- 30 
oxide. Additionally, fluorocarbon polycthers trarcd by the following equations: 
of slighdy differing struaures may also be 

O 
/ \ 

(III) CF,COF+(N + l)CF., — CFR,-^CF,CFr-0— (CFl^f— CFr--0— )nCFR|COF 

O 
/ \ 

(IV) CF,(COF), + /'N + M + 2) CF- — CFR, 

FOC— CFRr-(0— CF— CFR,— )„ O— (CF-),— 0—<CFRf— CFr— O— )„. CFRrCOF, 
[Price As. 6d,] 
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COMPLETE SPECIFICATION 

Hydrogen Modified Fluorocarbon Ethers 

We, E. 1. Du Pont De Nemours and to be particularly described in and by the 

Company, a Corporation organized and exist- following statement : — 

ing under the laws of the State of Delaware, Th^ present invention relates to novel 

United States of America, of 10th and Market fluorocarbon ediers, and, more particulariy, to 

5 Streets, Wilmington, Delaware, United States Ju^^bon polyetheis which are capped with 15 

of America, (Assignee of Stanley Selman ^^orocarbon polyethers are obtained by 

and WiLBURN SUBER Smith, Jr.), do hereby the polymerization of fluorocarbon epoxides 

declare the invention, for which we pray such as tetrafluoroethylene epoxide or hexa- 

that a patent may be granted to us, and fluoropropylene epoxide, as illustrated by the 20 

10 the method by which it is to be performed, following equations: 

O O 

(I) N+2 CF. — CF2->CF3— CF2— O— (CF^,— CF3— O— )aCFr-C 

\ 

F 

O 

/ \ 

(II) N+2 CF3— CF — CFtf-^F,— CF:r- 

O 

CF3— O— [— CF(CF;,)— CF,— O— laCF(CF3)C 

^F 

25 where n is the number of repeating epoxide prepared by polymerization of these epoxides 

tmits formed from N molecules of the ep- in the presence of an acid fluoride, as iHus- 30 
oxide. Additionally, fluorocarbon polycdiers tratcd by the following equations: 
of slightly diflering structures may also be 

O 

/ \ 

(III) CF3COF+(N + l)CF2 — CFR,— ^CFaCFs— O— (CFR,— CFo— O— )aCFR,COF 

O 

(IV) CF,(COF)..4-(N + M+2) CF. — GFR^^ 

FOC— CFR,— (O— CF,r— CFRi— )a O— (CF.),— O— (CF^t— ^^2— O— )m CFRrCOF, 
[Fnce 4s. 6d.] 
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where Rf is flourine or a trifluoromethyl 
radical and n and m are numbers of repeat- 
ing epoxide units in the polycthcr chains de- 
rived from N and M molecules of the ep- 
5 oxide. The polymerization illustrated is 
broadly applicable to fluorocarbon acid 
fluorides which can be monobasic or dibasic. 

The fluorocarbon polyethers illustrated in 
the foregoing equations can be prepared by 

10 a number of methods. Thus, hexafluoro- 
propylene epoxide and tetrafluoroethykne ep- 
oxide are polymerized in accordance with 
equations I and 11 using bulk polymerization 
techniques and an active diarcoal catalyst. 

15 Hexafluoropropylene epoxide can also be 
polymerized employing a monovalent metal 
fluoride or a quaternary ammonium or phos- 
phonium salt as the catalyst in organic polar 
solvents, such as the dimcdiyl ether of ediylenc 

20 glycol, the dimethyl ether of dicthylene glycol, 
dioxane, acetcnitrile;i propionitrile and benzc- 
nitrile. The preferred classes of organic polar 
solvents are aliphatic polyethers having from 
4 to 10 carbon atoms and hydrocarbon nitriles 

25 having from 2 to 10 carbon atoms- However, 
other organic polar solvents, such as nitro- 
ethane, tetrahydrofuran, dimethyl sulfoxide, 
acetone and ethyl acetate, may also be em- 
ployed as reaction diluents. Tetrafluoro- 

30 ethylene epoxide may also be poljonerized 
using quaternary ammonium and phosphonium 
salts as cataljrsts in halogenated solvents sudi 
as methylene chloride^ dilorofonn, and 

HCFRf— (OCFr-CFRf— )mO— R' 

where Rf is fluorine or a trifluoromethyl 
radical, R'f is a perfluoroalkylene radical hav- 
ing preferably from one to five carbon atoms, 
70 X is hydrogen or fluorine, R"f is a per- 
fluoroalkylene radical having at least two 
carbon atoms, and, preferably from two to 
ten carbon atoms^ and n and m are integers, 
representing numbers of repeating fluoro- 
75 carbon epoxide units in the polymer, which 
can vary from 0 to 50. 

XRr' is preferably trifluoromethyl, per- 
fiuoroethyl or perfluoropropyl. 

The hydrogen capped fluorocarbon ethers 
80 of the present invention are obtained by one 
of two reactions. Thus, they may be obtained 
by the pyrolysis at a temperature of from 
115 to 450° C of the fluorocarbon ether 
add or the ammonium salt of the fluorocarbon 
85 ether acid, or they may be obtained by the 
reaction of a monovalent metal salt, prefer- 
ably an alkali metal salt, of a fluorocarbon 
polyethcr acid of the type illustrated in re- 
actions I to IV below with water or an 
90 organic solvent which contains an active 



1,1,2,2 - tctrafluoro - 3 - chloropropane. The 
rcaaions described in equations III and IV 35 
are carried out by employing the aforcmcn- 
rioned ionic catalysts and reaction diluents in 
the presence of a fluorocarbon add fluoride. 
As is apparent from the equation, both mono- 
and diacid fluorides can be employed. Suit- 40 
able acid fluorides include carbonyl fluoride, 
trifluoroacetyl fluoride, perfluoropropionyl 
fluoride, oxalyl fluoride, diacid fluorides of 
perflucromalonic acid, perfluorosuccinic acid, 
perfluoroglutaric add and perfluoroadipic 45 
add, perfluoroheptanoyl fluoride and similar 
add fluorides. In addition to the completely 
fluorinated acid fluorides, there may also be 
reacted with the fluorocarbon epoxide substan- 
tially perfluorinated add fluorides having the 50 
general fonnula XR'":COF in which R'"f 
is a perfluoroalkylene radical, such as pcr- 
fiuoromethylene, perfluoroethylene or per- 
flucrotrimethylene, and X is hydrogen or 
fluorine. ^5 

It is an cbiect of the present invention 
to improve the chemical stability of the des- 
cribed fluorocarbon polyethers by chemically 
modifying die carbonyl fluoride end-group of 
the fluorocarbon polyether. 60 

The hydrogen modified fluorocarbon ethers 
of the present invention have the general 
formulas 

XR'r-0— (CFR:— CF,— O— )„CFRfl 
and ^5 

'^O— (CFR,— CP— O— )aCFR;H, 

hydrogen at a temperature of from 0" to 
300'' C. Although water can be ^ used in 
this reaction, it is not preferred since high 
temperatures arc required to form the hydro- 
♦ gen capped fluorocarbon ether. In general, 95 
tiie organic solvents are hydroxyl group con- 
taining hydrocarbon solvents such as alcohols, 
acids and phenols. In a preferred embodi- 
ment, the active hydrogen containing solvent 
is employed as an aqueous solution. A pre- 100 
f erred class of diese reagents arc aliphatic 
mono- and polyhydric alcohols. Examples of 
sudi reagents are methanol, ethanoU butanol, 
ethylene glycol, diethylcne glycol, cyclo- 
hexanol, propylene glycol, trimethylene glycol 105 
and glycerol. Hcv/ever, other active hydrogen 
contaimng solvents may also be used. These 
include acetic acid, propionic acid, and 
phenol. 

The formation of the hydrogen modified 110 
fluorocarbon polyethers of the present inven- 
tion as applied to homopoiymers of the ep- 
oxides may be illustrated by the following 
equations: 
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I CF:,R,— CF.— O— (CFRc— CFj— 0)„— CFRtCOF 
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25 
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II CF,R,— CF--0— (CFR,— CF,r-0— )„CFR,C0OH+HF 

t— CF..R,— CF— O— (CFR(— CFr— 
MOH ■ O— )nCFR,H 



ni CFuRf— CFr-0-<CFRr-CF,*— O— )aCFR,C0OM+H,O 
IV CF,R(— CF---0--<CFRr— CFr--0--)aCFll,H+ROM+C0,; 



where Rr and n have the same meaning as 
above, M is a monovalent metal and ROH 
is an active hydrogen containing solvent. The 
foregoing reaction scheme is also applicable 
to adducts of perfluorocafbon add fluorides 
and fluorocarbon epoxides. These are f omed 
using organic polar solvents and ionic cata- 
lysts described above. By employing mild 
condhions and excess quantities of the acid 
fluoride, polymerization of the epoxide is sub- 
stantially suppressed. These compounds, there- 
fore, have ^e formula 

XR'i— O— CFRfCOF and 
R"f [— O— CFRi — COF]. 
in which R,, R'r, R^'r and X have the same 
meaning as above. 

The hydrolysis of the add fluoride of the 
fluorocarbon ethers occurs on contact of the 
ether with water. The formation of the 
monovalent metal salt is similarly obtained by 
contacting the add with an aqueous solution 
of the metal hydroxide. The salt, furthermore, 
can be directly formed by the reaction of 
the fluorocarbon ether add fluoride with an 
aqueous solution of the metal hydroxide. 

The reaction of the fluorocarbon ether add 
salt with the active hydrogen containing re- 
agent can be carried out over a wide tem- 
perature range from 0 to 300° C, if desired. 
However, a fast and complete reaction is 
obtained if temperatures in the range of 100 
to 300'' C are employed. Tlie hydrogen capped 
fluorocarbon ether is formed when the two 
reagents are combined. In a preferred tech- 
nique, the two reagents are admixed and the 
resulting mixture is distilled. The hydrogen 
capped fluorocarbon ether distils out of the 



mixture. For higher molecular weight fluoro- 
carbon ethers that can not be readily distilled, 
other suitable methods will be apparent to 
those skilled in the art. The quantity of 
solvent is not critical, but is preferably em- 
ployed in eccess of the stoichiometric quantity 
required. If desired, the foimation of the 
add sah may be carried out in situ by ad- 
mixing the add, the active hydrogen con- 
taining compoimd, and the metal hydroxide 
simultaneously, i.e., combining steps two and 
three in the foregoing reaction scheme. It is 
also feasible to combine aR three steps and 
^us use the fluorocarbon ether formed by 
the polymerization of the epoxide or the 
reaction of the epoxide with an add fluoride. 
The pyrolysis of the hydrogen cjHitaining 
derivative of the fluorocaxbon ether is carried 
out at temperatures of 115** to. 450** Q in 
accordance with techniques well established 
in the art for the pyrolysis of fluorocarbon 
compounds. 

The preparation of the fluorocarbon ethers 
employed as starting materials in the process 
of the present invention is illustrated by the 
following spcdfic Examples: Into a 50 ml 
glass reaction flask was charged 2 ml of 
the dimethyl ether of diethylene glycol and 
0.1 g of cesium fluoride. Hexafluoxopropylene 
epoxide was then charged to the reaction 
vessel until a pressure of 5 psi was attained. 
The vessel was agitated at a temperature of 
25 to 30° C for a period of one hour. The 
pressure was maintained at the indicated level 
by the further addition of the epoxide.^ The 
resulting product being inscluble in the diluent 
was separated and 57 g of a fluorocarbon 
polyether was obtained having the formula 
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75 



CF3CF5CF2— 0--[CF(CF,)— CF-— O— ]aCF(CF3)— COF 
where n varied from 4 to 6. The fluoroca-rbon polyether having the formula 
CF,— O— [CF(CF,)— CFr— O— InCFCCFOCOF, 



80 is obtained by carrying out the foregoing 
reaction in the presence of carbonyl fluoride. 
If the reaction is carried out in the presence 



of oxalyl fluoride, a fluorocarbon polyether 
having the formula 



COF— (CF3)CF[-0— CFr-CF(CF3)— ]aO— CF^CF, 
is obtained. 



-O— [CF<CF3)— CFr-0']„ 

CF(CF3)C0F 
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Into a dry pressure vessel stirred with a 
magnetic stirrer was added 160 mg of recra- 
ethyl ammonium cyanide and 8 ml of a 
halogenated solvent having the formula 

CHF,(— CF;r-)aCH,Cl. 

The flask was coaled to —40'' C and 38.1 g 
of trifluoroacetyl fluoride and 155 g of tctra- 
fluoroethylene epoxide were added slowly over 



a 4.5 hour period. The temperature of the 
reaction mixture was maintained at — 35° ± 
5*" C and the pressure of the mixrure ranged 
from 44 psi initially to —20" Hg vacuum, 
at the end of the reaction. The drop in 
pressure indicates a nearly quantitative con- 
version of the reagents. Fractional distillation 
resulted in a fluorocarbon ether and fluoro- 
carbon polyether having the general formula 



CF.— Civ— O— [CF,— CFr-0— ]aCF,— COF 



where n varied from 0 to 6. Similar pro- 
ducts, but of higher molecular weight, are 
obtained in the absence of the trifluoroacetyl 
fluoride. In the presence of a diacid fluoride 
a fluorocarbon poiye±er having two carbonyl 
fluoride end groups is obtained. 

The present invention is further illustrated 
by the following Examples. 

Example I 
Into a distillation flask containing 150 
ml of water and 150 ml of e±ylene glycol 
was added 44.15 g of a polyretrafluorc ethylene 
epoxide ether having the formula 

F— (CFV— CF;.^0— CF.COF. 
The mixture was made alkaline and distilled. 
Over the range of 100 to 140'' C water 
distilled from tiie mixture. In the range of 
140 to 190*^ C a miirtiure of water and 22 
. ml of a fluorocarbon distillate was collected. 
After separation, drying and distillation 27.5 
g of omega-'h3rdrofluorocarbon polyether hav- 
ing the formula F(— CF^:— CF^r-O— ).,Cf^:H, 
b.p. 128 to 129^ C, f.p. —73 to —72* C, 
sp. gr. 1.6 was obtained. Anal. Calcd: C, 
20.70; F, 65-51. Found: C, 20.9; F 65.4. 

Example II 
Into a distillation flask containing 400 ml 
of ethylene glycol was added 465 g of a 
hydrolyzed polyether of hexafluorcpropylene 
epoxide having the formula 
F— [CF(CF:,>— CF,— O— ]3CFCCF,)C00H, 
and 400 ml of 2.5 molar KOH. The alkaline 
solution was slov/ly distilled at 115 to 200° 
C over a three hour period. The water and 
234 ml of fluorocarbon distillate were col- 
lected and separated. After drying over 
NasSO., the fluorocarbon was distilled to yield 
400 g (93% yield) of pure hydroperfluoro- 
prooylene epoxide polyether having the 
formula F— [CFCCF^)— CF^O— ],CFHCF,, 
+151° to 152"* C. Analysis by gas 
chromatography indicated a single compound. 
Analysis by IR showed the charaaeristic 
C--H bands at 3.4 and 6.8 /< along with 
the broad CF absorption from 7.4 to 9.5 /t 
and in addition bands at 10.1, 11-1, 12.3 



10 



15 



and 13.3 Anal. Calcd: C 21.37; H, 0.16; 65 
F, 70.70. Found: Q 21.57; H, 0.26; F, 
72,38. 

Ex.\mple III 
Into a reaction flask cooled to —60'' C 
was placed 46.4 g of 2-perfluoromcthoxy- 70 
perfluoropropionyl fluoride and 32 g of 
aqueous potassium hydroxide (concentration 
50 The excess water in the mixmre 

was then evaporated by applying a vacuum 
for a period of 24 hours and maintaining 75 
the salt at a temperature of 60** C under 
an aspirator for a period of 12 hours. The 
resulting wet salt was heated to 230° C 
and the products distilling out of the heated 
mixture were condensed. There was obtained 80 
17.6 g of product which on analysis by gas 
chromatography contained 86.9% of 
CFa — O — CFH — CF,. 

Example IV 
Into a thin platimmi tube was placed 2.6 85 
g of the ammonium salt of 2-pcrfluoropropoxy 
pcrfluoropropionic acid. The tube was heated 
to 225 C and 200 atmospheres were applied 
to the tube. The tube was opened and the 
contents were distilled under vacuum into a 90 
nitrogen cooled graduate cylinder, and resulted 
in about 1.1 ml of a clear liquid. Nuclear 
magnetic resonance analysis of this sample 
showed it to be 

CF3— CF~CF,^0— CFH— CF,. 95 
Elemental Analvsis gave the following results. 
Calculated for QFnOH: C=21%; F=:73.1. 
Found: C=:20.8 V., 20.7%; F=69.8%. 

Example V 
Into a Carius tube was placed 0.2 g of 100 
2-perfluoropropoxy pcrfluoropropionic acid. 
The tube was sealed and heated at 380' C 
for two hours. The resulting product was 
found to have the formula 

CF3— CFr-CF,— O— CFH— CF,. 105 

Example VI 
The potassium salt of pcrfluoro-3j6-dioxa- 
2^-dimethylnonanoic acid. 



CF3— CF^— CF.^O— CF(CF3)--CF~0— CFCCF^)— COOK, 

110 1.5 g, was mixed with 5 ml of ethylene and vacuum line. The flask was placed in an 
glycol in a flask fitted with a reflu.^ con- oil bath maintained at 170° C and liquid 
denser and a tube leading to a dry ice trap began to reflux immediately. The flask was 115 
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removed from the bath and the product be a hydrogen capped fluorocarbon polyether 
flashed off under reduced pressure. The 'having the formula 5 
distillate weighed 1.1 g and was found to 

CF3— CF:j— CF:*— O— [CF (CF3)— CF,^(>— jCFHCFa. 



Example VII 
To a flask containing 50 g of a viscous 
polytetrafluoroethylene epoxide oil, having the 

10 (formula F— (CF,^CF:^0^)aCF2C0F, 
where n varied from 1 to 30, was addexl 200 
ml of water and 200 ml of ethylene glycol. 
The reaction mixture was made alkaline with 
potassium hydroxide and was heated for 8 

15 hours from 80 — 135** C. The mixture was 
cooled and the lower fluorocarbon layer sepa- 
rated to give 32 g of a hydrogen capped 
fluorocarbon ether having rhe general formula 
F— (CF;. — CF:i— O— )„CF,H, where n 

20 varied irom 1 to 30. The product was identi- 
fied by vapor phase chromatography and infra- 
red analysis. Distillation gave 4 g of product 
boiling from 91 — 125'' C, 14.-6 g boiling 
from 125 — 133'' C at 21 mm, 12.2 g boiling 

25 from 133 C at 21 mm to 198^ C at 2/10 
mm and 1.0 g of high boiling oil. The infra- 



red spectra of all fractions showed complete 
removal of carbonyl absorption and the 
presence of CH absorption. 

Example VIII 30 
A 26.8 g sample of a copolymer containing 
81 mole % tetrafluoroethylene epoxide and 
19 mole % hexafiucropropylene epoxide was 
stirred with 200 ml of water and 200 ml 
of ethylene glycol. Neutralization of the 35 
mixture with aqueous potassium hydroxide 
gave an average molecular weight of 4000 
for the polymer and a range of 5 to 40 
for the degree of polymerization. The alkaline 
mixture was stirred for 12 hours at 135** 40 
Q cooled and the lower fluorocarbon layer 
separated. The prcxlucc weighed 20.1 g and 
melted at 25 — 27"* C. Distilladon gave the 
following fracdons: 



45 Fracdon Weight Boiling Point Freezing Point 

1 3.1 g 115^ C/0.2 mm to 170** C/0.2 mm — 

2 2.5 g 170° C/Q.2 mm to 200** C/0.2 mm — 

3 3.9 g 202*^ C/0.2 mm to 258* C/0.2 mm 19.3 to 22* C 

4 1.4 g 260* C/0.2 mm to 264* C/D.2 mm 30 to 32.6* C 
50 5 5.8 g of higher hoiling residue 



The infrared absorption spectra for these 
materials indicated their complete conversion 
to hydrogen capped material. 

Example IX 
Using the procedure of Example I, a fluoro- 
carbon ether having the formula 

QF^[— O— CFCCFa)— COF].. 

is converted into the hydrogen capped ether 
having the formula QiF^^ — O — CFHCF3).. 



Example X 
Using the procedure of Example I, a 
fluorocarbon edier having the fonnula 

QF,o(— O— CF2— COF), 
is converted into the hydrogen capped fluoro- 
carbon ether having the formula 
QFiX— O— CF^H),. 

Example XI 
Using the procedure of Example I, a 
fluorocarbon ether having the formula 



60 HC,Fi„— O— [CFCCFa)— CFr-O— ],CF<CF3)— COF, 

is converted into the hydrogen capped fluorocarbon ether having the formula 
HC,F,,— a— [CFCCF,)— CFs— O— ],CFHCF3. 



The foregoing Examples have illustrated the 
formation of the hydrogen modified fluoro- 

75 carbon ethers of the present invention. As can 
be seen from the Examples, the reaction lead- 
ing to the formation of these fluorocarbon 
ethers is readily accomplished by admixing 
the polyether and the active hydrogen con- 

80 taining solvent and distilling the mixture. 
Various modifications of the reaction tech- 
niques illustrated by the Examples will be 
apparent to those skilled in the art and 
are included in the scope of the invention. 



The hydrogen modified fluorocarbon ethers 
of the present invention are chemically inert, 85 
and stable over a wide range of tempemtores. 
They, furthermore, possess an extremely wide 
liqmd state temperature range. In view of 
these properties, the hydrogen modified fiuoro- 
carbon ethers of the present invention have 90 
outstanding utility as lubricants, dielectric 
media and heat transfer media. The 
ethers, furthermore, are useful solvents and 
plasticizer^ for halogenated compounds and 
resins. 95 
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WHAT WE CLAIM IS: — 

1. A hydrogen modified fiuorocarbon echer having the formula 

XR',— 0(— CFRr— CFr— O— )aCFR,H (I) 



or 



HCFRi— (OCF,^CFRr--)mO— R''r--0 — (CFR,— CF,— O— )„CFRfH, 



in which Rf is fluorine or a trifluoromethyl 
radical, R'f is a perfluoroalkylene radical, X 
is hydrogen or fluorine, R"f is a perfluoro- 
alkylene radical of at least two carbon atoms, 
and n and m are O or integers from 1 to 
50 inclusive. 

2. A fiuorocarbon ether as claimed in claim 

1 having the foimnla I in which R'f is a 
perfiuoroalkylene radical of one to five carbon 
atoms. 

3. A fiuorocarbon ether as claimed in claim 

2 in which XR'f is a perfiuoroalkyl radical 
having from one to five carbon atoms. 

4. A fiuorocarbon ether as claimed in claim 

3 in which R'f is a trifluoromethyl group. 

5. A fiuorocarbon as edier as claimed in 
daun 3 in which XR'f is a peifluoroethyl 



6. A fiuorocarbon ether as claimed in claim 
3 in which XR'r is a perfluoropropyl group. 

7. A fiuorocarbon ether as claimed in claim 
1 having the formula II in which R"f is a 
perfluoroalkylene radical having from two to 
ten carbon atoms. ... 

8. A fiuorocarbon ether as claimed m daim 
7 in which R"r is the tetrafluoroeihylenc 
radical. 

9. A hydrogen modified fiuorocarbon ether 
according to claim 1 as hereinbefore des- 
cribed with particular reference to any of the 
foregoing Examples. 

10. A process for the preparation of hydro- 
gen modified fiuorocarbon ethers which com- 
prises reacting a fiuorocarbon ether having 
iho formula 



group. 



XR'f— O— <CFRr— CF:r- O— ] 



.)«CFRfCOOM 



(III) 



or 



MOOC--CFRc— (O— CF^FR^)„0— R''i— O— (OTOr-CF,— 



in which R„ R'o R"f, X, n and m are as de- 
fined in claim 1 and Al is a monovalent metal, 
with an organic solvent containing an active 
hydrogen or water at a temperature of 0 to 
300°C and recovering a fiuorocarbon e±er 
have the — COOM groups replaced by 
hydrogen. 

11, A process as claimed in claim 10, in 
which the temperature is from 100 to 300*'C. 

12. A process as claimed in claim 10 or 
11 in which the solvent is an aliphatic alcohol. 



13. A process as claimed in claim 10 or 
11 in which the alcohol is ethylene glycol.^ 

14. A process as claimed in any of claims 
10 to 13 in which M is an alkali metal. 

15. A process as claimed in any of claims 
10 to 14 in which the — COOM group of the 
fiuorocarbon ether is formed in situ from a 
carbonyl fluoride group. 

16. A process for xhe preparation of hydro- 
gen modified fiuorocarbon ethers which com- 
prises pyrolyzing a fiuorocarbon ether having 
the formula 



XR',— O— (CFRi— CF--0— )o CFRfCOOB (V) 



or 



65 BOOC— CFRr— (O— CF:r-CFR^),a— O— R''f— O— (CFRr-CF,^0— )„CFRr 



-COOB 
CVI) 



in which Rf, R'f, R"r, X n and m are as de- 
fined in daim 1, and B is hyiirogen or an 
ammonium radical, at a temperature of 115 
to 450**C and recovering a fiuorocarbon poly- 
ether having the — COOB groups replaced 
by hydrogen. 

17. Processes for the preparation of hydro- 
gen modified fiuorocarbon ethers substan- 
tially as hereinbefore described with particu- 
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lar reference to any of the foregoing Ex- 75 
amples. 

W. P. -raOMPSON & CO., 
12, Church Street, Liverpool, 1. 
Chartered Patent Agents. 
Reference has been directed in pursuance 
of Section 9, subsection (1) of the Patents 
Act, 1949, to parents Nos. 998978 and 
928315. 
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